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tflSD-TUUKEL INVESTIGATION OP COHTEOL-SUEEACB CHARACTERISTICS 
IV - A MED I "CM AERODYNAMIC BiLAS-jS OF VARIOUS NOSE SHAPES 
USED tflTH A 30-PSRCENT-CHORD ELAP ON All IT AC A 00C9 A IRE OIL 
By Milton B 0 Ames, Jr,, and Donald R. Eastman, Jr» 

SUMMARY 



Tests have "been made in the NACA 4- "by 6-foot vertical 
wind tunnel of an NACA 0009 airfoil with, a 30-percent-chord 
flap having a medium amount of aerodynamic overhanging "bal- 
ance. In the investigation bhe effects of the shape of the 
flap-nose- overhang and the gap at the nose of the flap have 
been determined. A few tests were made to determine the 
effectiveness of a tat on the balanced surface. The aero- 
dynamic section characteristics of the various arrangements 
tested are given, A partial analysis of the data has been 
made, and the results discussed. 

She results indicate that, in general, the lift effec- 
tiveness of the aerodynamically balanced flap was increased 
slightly over that of a plain flap vhen a blunt or medium 
flap nose was used on the balanced flap. The balance effec- 
tiveness of the flap having the medium amount of aerodynamic 
balance showed an appreciable increase over that of a flap 
having a small aerodynamic balance. The flap with the 
blunt nose shape proved to be the most effective in reduc- 
ing flap hinge moments. The adverse effect of an unsealed 
gap on the balance effectiveness of the flap with a medium 
amount of aerodynamic overhang appeared to be of smaller 
magnitude than for a plain flap or a flap having a small 
aerodynamic overhang. The medium nose on the flap gave the 
highest values of lift at positive angles of attack and 
flap deflection with the largest gap tested. The effective- 
ness of a tab as a. balancing device for a flap having a 
medium amount- of aerodynamic overhang was slightly less 
than for a plain flap. The minimum profile-drag coefficient 
of the airfoil with the most tapered nose shape was 0.0024 
greater than for the airfoil with the blunt nose flap, 
while the medium nose flap oh the airfoil resulted in an 
increase of 0.0014 in profile-drag coefficient over that 
for the airfoil with the blunt nose flap a 
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UTTEODUCTIOJI 



The problem of reducing the hinge moments on the con- 
trols of an airplane is "becoming more acute with the in- 
creases of speed and size of modern airplanes. To cope 
with this problem the HACA hae in progress an extensive 
investigation of the aerodynamic characteristics of con- 
trol surfaces. The inves tigation has as its purpose the 
presentation of design data for the determination of the 
types of flap arrangement suitable for use as control sur- 
faces. Because a conventional control surface is merely 
a flap on an airfoil, these two terms are used synonymously 
in this paper. 

As part of this investigation, the effects of flap- 
nose shape, flap-nose gap, and balance on a typical hori- 
zontal, tail of finite span were determined in the full- 
scale wind tunnel. (See reference 1.) The more detailed 
part of the investigation is, however, being made in two- 
dimensional flow. 

The first part of the two-dimensional flow investi- 
gation was the determination of the section characteris- 
tics of airfoil-flap combinations with plain flaps of 
various sizes and with sealed gaps. (See references 2, 
3, and 4.) The data presented in references 2, 3, and 
4 have been analysed, and parameters for determining the 
characteristics of a thin symmetrical airfoil with a plain 
flap of any chord and a sealed gap at the flap nose are 
given in reference 5, The results of force tests of a 
plain flap with various gaps at the flap nose are reported 
in reference 6. Tests to determine the effect of flap- 
nose shape on a 30-percent-chord flap having a 20-percent- 
flap-chord overhanging balance with various gaps at the 
flap nose were conducted in the BACA 4- by 6-foot wind 
tunnel, and the results are presented in reference 7. 

The present investigation consisted of tests of an 
airfoil having a 30-perC3nt-chor d flap with a 35-percent- 
flap-chord overhanging balance of several nose shapes and 
with various amounts of gap at the flap nose. To expedite 

publication of the data, only a very limited analysis 
: the results, has been made. 
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APPAEATUS A3TD MO DSL 



The' tests urere made in the 1TACA 4- "by 6-foot verti- 
cal wind tunnel (reference 8), modified as described in 
reference 2 for force tests in two-dimensional flow. A 
three-component "balance system ha3 "been installed in the 
tunnel. On this "balance, the aerodynamic forces of lift, 
draf, and the pitching moments are measured independently 
and simultaneously,, The hinge moments of the flap and the 
ta"b are measured with special torque rod "balances "built 
into the model. 

The 2-foot-chord "by 4-foot-span model was the same 
model used for the investigations reported in references 
6 and 7, "but with modifications so that tec-ts could be 
made with a medium overhanging balance on the flap. (See 
fig. 1.) The model was made of laminated mahogany to the 
UAOA 0009 profile, the stations and ordinates of which are 
given in table I. The flap chord, measured from the flap 
hinge axis to the trailing edge, is SO percent of the air- 
foil chord. ' The overhanging balance ahead of the flap 
hinge axis is 35 percent of the flap chord. The flap-nose 
shape and the gap between the airfoil and the flap were 
varied by detachable flap nose blocks and airfoil tail 
blocks ahead .of the flap nose. In accordance with the 
results of the flap-nose-shape investigation in reference 
7, three flap nose shapes similar to those previously in* 
vestigated were tested. The nose shapes are shown in 
figure 1, and' are des i gnat ed* blunt , medium, and sharp. 
The tab was made of brass, and the nose radius is approxi- 
mately one-half the airfoil thicknec-s at the tab hinge 
axis. The gap between the flap and the tab was fixed at 
0.1 of 1 percent of the' airfoil chord. 

The model, when mounted in the tunnel, completely 
spanned the test section. *?ith this type of installation 
two-dimensional flow is approximated, and the section 
characteristics of the airfoil, flap, and tab can be de- 
termined. The model was attached to the balance frame by 
torque tubes, which extended through the sides of the tun- 
nel. (See reference 2.) The angle of attack was set from 
bufcsido. tho ounnol by rotating th"; torque tubo-* with 
an electric drive. Plap and tab, deflections were set in- 
side the tunnel and were held by friction clamps on the 
torque. rods which were used, in measuring the hinge moments. 
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(TESTS 



The tests were made at a dynamic pressure of 15 pounds 
per square foot, which corresponds to an air velocity of 
about 76 miles per hour at standard sea-level conditions* 
The effective Reynolds number of the tests was approximately 
2,760,000. (Effective Reynold-i number •- test Reynolds 
number x turbulence factor,, Ine turbulence factor, for the 
4- by 6-ft vertical tunnel is 1»9S») 

Tests were made on the airfoil with the blunt, medium, 
and sharp nose flaps to determine' the effects of sealed 
gap and 0.001c, 0.005c, and 0,010c size gaps at the flap 
nose. Flap dsf lee bions were set from 0° to 18° or 20° for 
the tests with sealed gap and from 0° to 25° in 5° incre- 
ments for the tes"t3 of the various unsealed gaps. The 
flaps with th9 sharp. and medium noses were tested at a 
flap deflection of 18° instead of at 20° because 18° was 
the maximum deflection at which these flap-nose shapes 
could be tested with the gap grease-sealed. 

Tab tests were made using the medium flap nose only. 

Deflections of the tab of 0° and .-tl6° were tested at flap 

deflections of 0° a?.d 10°. The gap at the flap nose was 

sealed for all tab tests, 

Throughout all the tests, lift, drag, and pitching 
moments of the airfoil and the hinge moments of the flap 
and the tab were measured, lor each flap or tab setting, 
force tests were made throughout the entire angle-of- . 
attack range from negative stall to positive stall 'at 2° 
increments of angle of attack. Hear the airfoil stall, 
however, the results at increments of 1° were recorded. 

RESULTS 

Symbols 

The coefficients and the symbols used in -this paper 
are defined as follows: 



airfoil section lift coefficient 

qe 



c, airfoil section profile-drag coefficient ( — 2 > ) 
a o \ qo / 

c m airfoil section pit ching-moment coefficient about 
the quarter-chord point of the airfoil ("^Ts) 
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where 



Cr. flap section hinge-moment coefficient ( — . ^ 
c^, tab section hinge-moment coefficient ( -Ai— ^ 

v q c t 2 y 



I airfoil section" lift 
d 0 airfoil profile drag 



m 



airfoil section pitching -.moment about the quarter- 
chord point of the airfoil 



h^ flap section hinge moment 

h^. tab section hinge moment 

c. chord of. airfoil with flap and tab neutral 

c f flap chord (measured from flap" hinge axis to 
.trailing edge, tab neutral) 

c.{. tab chord 

q. dynamic pressure (l/2pV 2 ) 



and 

a. 



angle of attack for airfoil of infinite aspect 
ratio 



5f flap deflection with respect to airfoil 
8t tab .deflection **ith respect, to flap 

■ Precision 

■ The accuracy of -the data is' indicated by the devia- 
tion from zero of the lift and moment coefficients at zero 
angle of attack and flap deflection. The maximum error 
in effective angle of attack at zero lift appears to be 
about i0> 2°, 

Tunnel corrections, experimentally determined in .the 
4- by 6-foot vertical tunnel, were applied, "to the lift 
coefficients only. The hinge-moment coefficients, there- 
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fore, are probably higher than would "be obtained in free 
flight; hence the values presented are considered to he 
conservative. She increments of airfoil profile-drag 
coefficient should he reasonably independent of tunnel 
effect although the absolute values of the drag coeffi- 
cient are subject to an undetermined correction. 

Inaccuracies in the airfoil, flap, and tab-section 
data are thought to be negligible relative to the inac- 
curacies that will be incurred in the application of the 
data to practical installations. 



Aerodynaiffic Section Characteristics 

The results of the tests to determine the section 
characteristics of the airfoil and the flap having a 
0.35c f overhang and blunt nose are given in figure 2(a) 

for the sealed-gap condition, in figure 2(b) for a 0.001c 
gap, in figure 2(c) for a Q.005c gap, and in figure 2(d) 
for a 0.010c gap. In figures 3(a), 3(b), 3(c), and 3(d) 
and 4(a), 4(b), 4(c), and 4(d) the results of tests of 
the various gap conditions for the airfoil with the flap 
having the medium and sharp nose, respectively, are pre- 
sentedi 



DISCUSSIOH 
Lift 



The slope of the lift-coefficient curve 




in agreement with the results of references 6 and 7, was 
approximately 0.097 for the condition of sealed gaps, re- 
gardless of the flap-nose shape. In general, increases 
in the size of the gap at the flap nose caused the value 

of ( to decrease. The lift-coefficient curves 

f 

for the conditions of unsealed gaps beccme increasingly 
nonlinear as the angle of attack, flap deflection, or the 
taper of the flap nose increased. The flap lift effective>- 



ness . 




was also greatly affected by the presence 



of a gap at the flap Mse. In general, increases in the 

/ d<Xn \ 

gap size gave decreases in the value of ( ) ', and 

\ 8 8 f / 

C \ 

the magnitude of these decreases were the greatest at the 
high values of c^. Exceptions to the foregoing statement 
were noted in the case of the flap with the" medium nose 
and with gap of 0.005c and 0.010c. (See figs. 3(c) aid 
3(d).) At positive values' of 'and flap deflections 

"between 10° and 15° an inorease in ( ^2l2^\ was observed 

1 

and the magnitude of the increases was greater with the 
larger gap.' The condition is probably caused by a radical 
flow phenomenon and'was also observed in the results of 
reference 7, hut to a lesser degree. 



Pitching Moments 

With the blunt nose flap neutral and the gap sealed, 
the rate of change of pitching-moment coefficient with' 

lift coefficient ('^ m A was ahout 0.010 ; which is ia 

agreement with the values given in references 6 and 7. 
The greatest effect o'f -increasing the gap on c m was the 

reduction in ^ ~M ^ , which was observed at high val- 

5f c^ 

ues of c l# This result is indicated by the steepening 
of the c m curves for the various values, of 6 f . With 

the gap unsealed, the value of f ^2&\ also decreased 

r °l' 

with increase in taper of the flap-nose shape. (See figs. 
2(c) and 2(d) - , '3(c) and 3(d), and .4(c) and. 4(d).) . 



Hinge Moments of the" fflap 

The effect of the presence of a gap, gap size, and 
flap-nose shape on the variation o'fthe flap hinge-moment 

coefficient with lift coefficient ( ■ £ ) , as shown 

6f 
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"by the' data in figures 2, 3, and 4, was negligible. Tor 
the flap with the medium and sharp nose shapes, at a given 

value of c t , however, the value of f bS^ ") increased 

f °l 

very slightly as the gap was increased. The lowest value 




■was obtained with the "blunt nose flapi and 



the value of the parameter increased with increase in taper 
of the flap nose. 



Criterion of Balance Effectiveness 

A criterion of balance effectiveness is the increment 
in flap hinge-moment coefficient Ac^ for a given incre- 
ment in lift coefficient Ac^. figure 5 shows this char- 
acteristic of the flap with the blunt nose at angles of 
attack of -6°, 0°, 8° and the various gap arrangements 
tested. Similar plots are presented in figure 6 for the 
flap with the medium nose, and in figure 7 for the flap 
with the sharp nose. 

Effect of gaps .- In general, the results indicate 
that for the medium and sharp nose flaps, as the gap size 
increased, the Ac^ for a given Ac; increased slightly 

at angles of attack of -8° and 0°. The maximum value of 
Ac^ at an angle of attack of 0° was, however, obtained 

with the medium nose flap and the largest gap. Eor the 
high positive angle-of-attack condition the sealed gap was 
best for the sharp nose flap. The medium nose flap was 
best at the high angle-of-attack condition with the gap 
sealed for flap deflections up to 10°, while for flap de- 
flections greater than 10° the largest gap gave the highest 
values of Ac;. In contrast to the results obtained in 
reference. 7, the blunt nose flap appeared to have the most 
balance effectiveness with the largest gap for all angles 
of attack investigated. Tor the flaps with the 0.35c f 
overhang, however, the effect of the presence of gap or 
gap size was slight, except at the high positive angle of 
attack. 

Effect of flap nose shape .- In agreement with the 



results of reference 7, the blunt nose flap gave the 
smallest values of Ac^ ^ or a giv© 11 Ac^ D The medium 
nose flap, bov/ever, maintained lift arid balance effective- 
ness at higher flap deflections for all angles of attack 
than did the "blunt nose flap, and 5 hence, gave the larger 
values of Acj_ D The balance effectiveness of the sharp 
nose flap was less than for either the blunt or medium 
nose flap, The valti.es of Ac^.,, for a given value of &c\ 

much les3 for the flap having the 0o35c f overhang than for 
the flap having the 0.20c f overhang reported in reference 
7. 

Tab Characteristics 

In accordance with the conclusion of reference 7 
that tab characteristics were generally independent of 
flap-nose shape- only a very limited investigation of tab 
characteristics on the flap having a 0»35c^ overhang was 
conducted. The aerodynamic section characteristics of 
the airfoil with the medium nose flap neutral and deflect- 
ed 10° for tab deflections of 0° and ±.15° are presented 
in figure 8»and exhibit no unusual characteristic^., -The 
values of &c\ and Ac^, caused by tab deflections . for 

the flap neutral and deflected 10° are plotted for angles 
of attack of -8°, 0°, and 8° in figure 9„ The results 
indicate that when the flap was neutral or deflected 10° 
the values of &c\ caused by tab deflection were general- 
ly about the same as those for the plain flap reported in 
reference 6 and the flap having a O.SOc^ overhang reported 
in reference 7, The values of Ac hf caused by tab de- 
flections were generally slightly less than those obtained 
with the tab on a plain flap.. This result would indicate 
the balance effectiveness of a tab on a flap having a me- 
dium amount of overhanging balance is slightly less than 
for a plain flap and tab combination,, 



Profile Drag 

Because generally the drag coefficient of a tail sur- 
face is considered only for a high-speed or cruis ing-speed 
condition, the profile-drag coefficients for all test con- 
ditions have not been presented. The profile-drag coeffi- 
cients are plotted in figure 10 against the airfoil section 
lift coefficients for the a$$foil with the flap neutral and 
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for ecch flap-nose sLape and gap arrangement tested. V/itli 
eech flap-nose shape the drag increased with increasing gap 
and the increments caused by gap "became greater as the 
lift coefficient varied from zero, She minimum profile- 
drag coefficient was obtained with .the blunt nose flap hav- 
the gpp sealed, and was 0.0098,, V'ith the blunt nose f3ap 
and - sealed-gap condition as a basis, the increment of 
-profile-drag coefficient with the medium flap nose 3hape 
and gap sealed tras 0 o 0014, while with the sharp nose shape 
and gap sealed the increment in prof ile~drag coefficient 
was 0.0024. Because of a relatively large unknown tunnel 
correction, the drag coefficients cannot be considered 
absolute; however, the relative, values- sJb_ould he independ- 
ent of tunnel effects. 

Parameter s.- The use of aerodynamic -parameters is a 
dire-ct means by which the character is tics of the differ- 
ent flap-nose shapes and tbe various amounts of aerody- 
namic overhang ubj be compared. (See reference- 5.) It is 
not within the scope of this paper to make a complete 
analysis by this method, but it is. „ important that, in gen- 
eral, the effect on the parameters of the aerodynamic 
overhang, flap—nose shape, and gap bo treated,' ' 



In agreement with, tho resjult-s—of" rerf erence-s 6 and 7, 

the value of ( J— ^ for the" blunt nose- flap neutral 
\da 0 / 6f 

and the gap sealed" was ~0vO 97 0 As-^already-dJ^scris-s ed ff the 
value of this parameter decreased as the gap size increased, 
the magnitude of these decreases being . largest- for the 

/ d<X n \ 

'sharp nose flap. The flap • lift -effect ivenes-e — ( -^—^ ) 

K d6 f y ci 

for' "the blunt and jnedium ~no-s-e--flap3~-w;i4h the., gaps sealed 
was about -0,60. Tie value of the flap lift effectiveness ' 
for the blunt nose and medium -nose 0.30c f laps—having a 
0^35c^ overhang was therefore slightly -higher than the 
flap effectiveness of -0.57 for the 0.30c plain flap, and 
0»30c flap having a 0 a 20-Cf overhang-as -repor ted in refer- 
ences- 6 and 7« The .reduction s_ in "{-■=• — ^- ) eaused by 

^Me^ ■ 

the "presence- of. a gap -at-^he-flap^nos-e were .greates-t- at 
the high values of C|<, The lift effectiveness of the 
sharp nose flap was generally less than for the-medlum and 
blunt nose flaps for alX te si- conditions*. 
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Two parameters of major concern to the designer of 
a control surface are the flap hinge-moment parameters, 

/ ^ c h-p\ / 9 c h-p\ 

( -?—*•} and i — — L ) . The flap with, the 0.35c.,, over- 
V Sa 0 ; V 38 f / tto 

/ ^ c h^\ 

hang had a value for ( — - —£) of about -0.0035 for 

^ Ba o/ 8f 

all nose shapes with gaps sealed, and this value was. re- 

/S c h^\ 

duc3d slightly with gap. The value of ( ■• ^ ) ob- 

tained with the flap having a small overhang in reference 
7 was about -0.0060, which indicates that the 0.35c£ over- 
hang on the flap resulted in an appreciable reduction in . 



the value of this -oarameter. The value of 



( ° c *f\ 



f^ 0 



varied with nose shape. V. r ith the blunt nose shape and 
sealed gap the value was -0.0033, which was the lowest 
value obtained with the 0.35Cf overhang on the flap. The 

/ ^ c h-p \ 

values of ( } f or the medium and sharp nose flaps 

were about -0.0055 and -0.0076, respectively. The small- 
est value of '(~~dE^\) for the fla P t]tLe 0„20c f 

■'■/' f ^° ' 

overhang (.reference 7) was obtained with the blunt nose 

/ ^ c h \ 

flap and was -0.0088, The values' of ( £•) were gen- 

■ x a o 

erally reduced by the presence of a gap. From this dis- 
cussion, it would follow that the parameter for free- 
control effectiveness (~^) will be the highest 

for the blunt nose flap., 

Because the effoct of gap on certain parameters is 
quite marked, it is essential that some additional con- 
sideration bo givon to this phonomonon . The changes in 
tho parameters caused by gap increase in magnitude as the 
angle of attack, flap deflection, or lift coofficiont 
increases positivoly from zero. These changes in the values 
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of the parameters indicate a trend toward a nonlinear 
variation of the aerodynamic coefficients; and when the 
nonlinear variation is large, the parameters cannot he 
used accurately to determine the aerodynamic characteris- 
tics of a control surface* 



CONCLUSIONS 



The results of the tests of a- 0.30c flap having a 
0.35c f aerodynamic overhang indicate that the largest re- 
duction in the flap section hinge-moment coefficient was 
obtained with the blunt nose flap. The lift effectiveness 
of the flap with either a blunt or medium nose shape and 
a 0.35c f overhang was slightly greater than that obtained 
with a plain flap or a flap having a small aerodynamic 
overhang. 'The adverse effect of a gap at the flap nose on 
the balance effectiveness of a flap having a 0.35o f over- 
hang generally was less than for a plain flap or a flap 
having a small aerodynamic balance. When the angle of at- 
tack and the flap deflection were both positive, the test 
data indicate that with a blunt or medium nose flap 8 the 
largest gap gave the highest values of airfoil section 
lift coefficient and the most balance effectiveness at 
large flap deflections 0 

The effect of tab deflection on the hinge-moment coef- 
ficient of a flap with 0.35c f aerodynamic overhang was less 
than for the same size tab on a plain flap, but this reduc- 
tion in balance effectiveness of the tab was very slight; 

The minimum profile-drag coefficient was obtained 
with the blunt noae flap neutral and with the gap sealed. 
The medium and sharp nose flaps gave increments in minimum 
profile-drag coefficients of 0.0014 and 0.0024, respective- 
ly, over that obtained with the blunt nose flap. 
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TAEIE I 
UACA 0009 Airfoil 



[All dimensions in percent chord] 



S-fcation 


Ordinates 


i 
1 

Upper 


Lower 


0 


0 


0 


1.25 


1.42 


-1.42 


2.5 


1.96 


-1.96 


5.0 


2.67 


-2.67 


7.5 


3.15 


-3,15 


10 


3.51 


-3.51 


15 


4.01 


-4,01 


20 


4.30 


-4.30 


25 


4.46 


-4,46 


30 


4,50 


-4.50 


40 


4.35 


-4,35 


50 


3.97 


-3.97 


60 


3.42 


-3,42 


70 


2,75 


-2.75 


80 


1.97 


-1.97 


90 


lo09 


-1.09 


95 


,60 


-.60 


100 


( .10) 


(-.10) 


100 


0 


0 

! i 



leading edge radius: 0.89 



\ 



2. - 355 



Medium nose profile 

fStat/ons measured from flap nose,] 
[ond ordinate s from chord line. J 



Station 


Ordinate 


0 


0 


.IS 


.54 


.50 


.97 


1.00 


1.33 


■2.00 


1.19 


3.00 


2.09 


4.00 


2.30 


5.00 


2.45 


1.00 


2.64 


9.00 


2.11 


11.00 


2.67 


13.00 


2.56 


14.90 


2.41 




-Tail block for . I gap 
-Tall block for .5 gap 
-Tail block for 1-0 gap 



BLUNT NOSE 




MEDIUM NOSE 

4.40 — I 



Plain tab 



See -table for ordinate s 
of medium nose 




PA is straight line 
A 8 is arc of circle 



SHARP- NOSE 



figure I.— Flap section of NACA 0009 airfoil showing variations of flap-nose shapes and gaps. 

All dimensions given /n percent of airfoil chord. All f hps are symmetrical about chprd 
line. All sealed gaps use m/n/mum-gap tail blocK and graase seal. 



MuA 



fig. Za. 



Hi 




Airfoil section lift coefficfent, c t 



(a) Gap sealed. 



Figure 2a to d.- Aerodynamic section characteristics of an NACA 0009 
airfoil with 0.30c flap and 0.35c f overhang. Blunt -nose flap. 
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- Airfoil section IHf coefficient, c z 

(b) 0.001c gap. 

Figure 2.- Continued. 
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Figures 3a to d. 
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A irfoil section lift coefficient c t 

(a) Gap sealed. 
Aerodynamic section characteristics of an NACA 0009 
airfoil with 0.30c flap and 0.35cf overhang. 
Medium-nose flap; 6^ = 0°. 
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•NACA fig. 3b 
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Airfoil section /iff coefficient, c t 



(b) 0.001c gap. 

Figure 3.- Continued. 
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Airfoil section lift coefficient, c l 

(c) 0.005c gap. 

Figure 3.- Continued. 
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Airfoil section tiff coefficient, c t 

(d) 0.010c gap. 

Figure 3.- Concluded. 



Fig. 4a 




Airfoil section lift coefficient, c, 



(a) Gap sealed. 

Figure 4a to d.- Aerodynamic section characteristics of an NACA 0009 
airfoil with 0.30c flap and 0.35cf overhang. 
Sharp-nose flap. , 
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Airfoil section lift coefficient, c, 

(b) 0.001c gap. 

Figure 4.- Continued. 
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Fig. 4c 




Airfoil section lift coefficient, c t 



(c) 0.005c gap. 

Figure 4.- Continued. 
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Figs. 5,6,7 

Incremenf of airfoil section lift coefficient, i& 
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Figure 5.- Blunt-nose flap. 



Figure 6.- Uedium-nose flap. 
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(a) a,, = -8° 

(b) «□ = 0° 

(c) Oq = 8° 

Figures 5,6,7.- Variation 
of Aofcf 

with £lc\ for various 
flaps and gaps. 
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Figure 7.- Sharp-nose flap. 
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Airfoil section lift coefficient,^ 

Figure 8.- Aerodynamic section characteristics of an NACA 0009 airfoil 
with 0.30c flap and 0.35e f overhang and 0.20c f tab. 
Medium-nose flap; gap sealed. 
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figure 9*.- Variation of &o\ and Ac^f with 6f Medium-flap no3e 
0.35cf flap overhang; gap sealed. 
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Figure 10. 



-.2 X> .2 .4 -ff 

Afrfoil section lift coefficient, c t 

Profile-drag coefficients of NACA 0009 airfoil with a 0.30c 
flap having a 0.35cf overhang. 6 { ,0° 

(a) Sharp-nose flap, (b) Medium-nose flap, (c) Blunt nose. 



